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Patrick Suppes
Institute for Mathematical Studies {n the Socfal Sciences
Stanford Untversity
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ABSTRACT

Tmis daper sorvevy annreacaes that are Jdeemed practical for fnstruc-

tienal uge of “os and comruters by satellize transmisston. Tocr each of
tne two instructional tecnnologles a bSrief historv is osrovided, a survey
of the evaluinlon studies of effectiveness {35 given, and a concluding sec—
ton on plinaing Zor applucations ts provided.

The literature on theie topics {s very large. Ar attempt has been
made to se’ect for discussion items that are deemed of special importance
or arve parrlicularlv vseful for fileld uysers.

Tha caper concludes with some general recommendations for use of
eicher {nstructlicnal radio or conputer-assisted instruction Sy means of
satelilte cransmission. A fatrly extensive Stbliographvy of the matters

diacussed is appended to the paper.
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PLANNING FOR INSTRUCTIONAL USE OF RADIO AND COMPUTERS B8Y SATELLITE
Patrick Suppes
Tnstitute for Mathematical Studies in the Soctal Sciences
Stanford University
Stanford, California

The intention of this paper is to survey approaches that are deemed
practical for instructional use of radio and computers by satellize
transmission. In the case of computers we shall restrict the survey of
practical applications to computer-assisted instruction. A subsidiary
objective of this gh;vey {s to provide a brief history of educational
radio and of computer-assis »d instruction in the United States so as to
give some perspective on the use of these instructional technologles.
Another subsidiary objective is to provide a survey of the evaluation of
effec-iveness of rTadic iastructica and cozmputcor—assisted {nstruction.

%are 1 of the paper deals with these three ohjectives for ecucational
s23fo. The thraz sectizns cf Paze ! cover the three topics ~£ history,
aynaluscion, and slanning for arolicacions, Pare 2 désls with rompurer-
assisted instruztion and contains three gimilar sections.

Fiaally, ia Part 1 thz reccmmezdaticns for the instructional use of
2zht inte gummary for=.  Througheut ghe dis—
cuzsian 2f those vavicus teplics 2z 2££2tt has z2lac been nade o provide
refz-ences to the literature that will be useful for readers interested in
pursuing these zatters further. The paper ends with a fairly extensive
bibllography. '

1. INSTRUCTIONAL RADIO

1.1 Hiscory of Instructional Radio

Begianing ian the 1920s, instructional radio was widely used in the

United Scates, but for a variety of reasons, including especially the
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advent of television, its use has dwindled in recent years. Atkinson
(1942a, 1942b) provides broad, nonevaluative information on a substantial
number of instructional radio projects undertaken in the United States
prior rec 1939. Readers will find his books useful for their general
account of operational problems and history of early uses. Saettler
(1968), Skornia (1962), and Wrightstone (1952) describe the later history
of ianstructional radio in the United States.

Alchough the ;;é was not extensive, there are still a number of
school districts that continue to provide some instruction by radio. Some
recent examples are KRVM (Eugene, Oregon), WGBO (Newark, New Jersey),
KSLH (St. Louis, Missouri), KANW-FM (Albuquerque, New Mexico), KBPS
{Portland, Oregon), and WYNE-FM (New York, New York). There are undoubt—
edly other instances beyond this lisc.

In many respects, radio i{s currently being used mcre extensively,
and more educational attention is being devoted to its use in couatries
outside the United States. In Great Britain, radio has been used
extensively for school broadcasts foc asany years, aad it currently
provides a component of the Open University. There are now more than
60 educational radi» series broadcast to schools in England. Many of
these geries use illustrated pupil pamphlets as supplements to the
lessons. It is characteristic of the British broadcasts thac they
emphasize rather close collaboration between the classroom teacher and

the instructional radio program. The British use of radio has concen-
L

trated to a considerable extent on supplementary teaching that would not

ordinarily be available, at least at an expert level, within the popula-
~

tion of teachers at a school. Typical special subjects would be are,

music, and foreign languages. Zi
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Australia has also made extensive use of instructional broadcasting.
The geographical situation in Australia has made it especially attractive
for reaching the nonurban regions of the country. Although Australia is
almost as large as the United States, 1t has a population slightly less
than 12 million, and of this population about 63 percent {s urbanized.
This means that approximately five million people are spread over 2 rural
area that 1is almost as large as the United States. This extreme dispersion
of population has 6}ésen:ed real eduzational problems. The experience cf
Australia ir providing instructicnal facilities by radio should be of use
to any radio user that is faced with a highly dispersed population. In
1960, over 9C percent of the Australian schools received some radio
lessons. Curriculum envrichment broadcasts sirilar to those of the BBC in
Great Britain are extensively used in rural schools. At the higher educa-
zional level, the Ralio Uriversity of New South Wales, for example,
earolled over 6,000 students in 1965. Some references on the use of
instructional radio i Australia are Bull (1960) an& Kinane (1967).

A country with a qui‘e different pcpulation density, namely Japan,
also makes widespread use of instructional radio. In 1935, NHX, the
Japanese Broadcasting Corporation, began a small program of radio broad-
casts to the schools (Hatano, 1960Q; NHK, 1964). After World War II,
radical changes were made in the Japanese educational system in terms both
of curriculum, discipline, and teaching techniques. The use of radio

4

played a substantial part in this modernization. A 1958 survey by the

LN

Broadcasting Culture Research Institute of NHK reported that 47 percent of
the primary schools, 37 percent of the lower secondary schools, and 27 per-
cent of the upper secondary schools regularly used radio broadcasts. NHK

pr
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has an extensive correspondence school program and it {s possible to re-
ceive the equivalent of a high school education, fncluding certification,
vithout attending any regular classrooms but by tak’az a program of cor-
respondence courses, radio lessons, and final exam'nations. It should be
noted that, in spite of the widespread use of televl!sion in Japan, the
extensive use of radio for instruction ccontinues.

Mexico is another country that has made recent extensive use of radio.
Spain (1973) reporfi-oniand evaluates a project in the rural parts of the
state of San Luls Potosi that was designed to provide fourth-, fifth-, and
sixtbh~grade instruction by radio for schools that previously had only the
first three sears of elementary school. This use of radio is to be put 1in
the context of the standard situaction in davelopirg countries, namely, by
the upper elementary grades, the percentage cf the age population gtill in
school is small, and it is corsequently expensive and difficult to provide
ddequate instructicon. The project that Spain describes concentrated on
the teaching of mathematics and the teaching of Spaﬁish. Other Mexican
projects are examined in Schmelkes de Sotelo (1972, 1973).

The Institute for Mathematical Studies in the Social Sciences at
Stanford is currently funded by the United States Agency for International
Development, in conjunction with the Minisery of Education of Nicaragua,
to develop mathematics lessons that are hroadcast daily by radio to primary
school classrooms, especially in the rura'’ areas of Nicaragua (Searle §

Suppes, 1975). These lessons are char-.cterized by a high rate of student
. .
response; children wc-k approximately 50 mathematics exercises during the

course of a nalf-hour broadcast. Thelr respoases are either given orally

+3 2 group or individually in writing. Bacause this profect t.as assured
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respoasibility for such an important segzent of the elementarv-school
curriculum, it may be worthwnile to describe in somewhat more detail how
it operates on a daily pasie,
A daily.lesson consists of a radio broadcast lasting for from I5 to
30 minutes, followed by approximately 20 to 30 minutes of teacher-directed
activities. No textbooks are used and no printed materials are discribu-
ted to the students. In the initial year, students received a ona-page
worksheet each day:.su: as the project gained experience, it was feasible
to eliminate this worksheet, and the second-grade curriculum i3 currently
being developed without the diseribution ;f worksheets., From tne stand-
point of developing countries, avoiding the cost of distribution is one of
the most important and critical features of the program. In areas that are
not as cost conscious in terms of workbooks, it can still be‘desir:ble
because of the difficulties of distributing materials to dispersed popula-
tions. In developing the Nicaraguan project, the staff at the Institute
at Stanford has found scme people skeptical that maéhema:ics can be
effectively taught by means of radio. It is a primary purpose of the
proiect to test this hypothesis. 1The data thus far indicate overwhelmingly
that radio instruction in mathematics and, indeed, radio instruction that
~carries the main part of the instructional burdea, is not only possible
but can be a highly effective method of imstruction.
1.2. Evaluation of Instructional Radlo

Y

An excellent survey of studies of the effectiveness of instructional
.

radio 1s to be found in Section VI of Chu and Schramm (1967). Thedir book

1s primarily devoted to a comprehensive review of instructional television,
but for comparative purposes chey include detailed information abou: in-
structional radio. Their study includes a large number of conclusions,

r? and three cZ tnese that bear on instructional radio are the following:

O
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1. Given favorable condi:ions.‘pupils can learn from any {nstruc-

tional media that are now avaflable (p. 151).

2. The use of visual images will {mprove learning of manual tasks as

well as other learning where visual {mages can facilitate the association
process. Otherwvise, visual images may cause distraction and {n“erfere

with learning (p. 162).

J. Student response is effectively controlled by proe:itned methods,

cegardless of the i{nstructional medium (p. 172).

Another broad survey {s a paper by Forsythe (i970). 1In summarizing

radio’s effactiveness he concludes:

Research clearly indicates that radio is effective in {nstruc-
tion. Experimental seudiles comparing radio teaching with other means
or media rave found radio as effective as the so-called "conventional
methods." Ever though radio has been criticiczed for teing only an
audio medium, ytudies have shown that visuai elements in learning ar-
aot unifornly importan:z. In many educational situacions visuals may
bg more haraful than helpful. Also. the efficlency of combined audio
;nd visual media has been challenged by dtudies which show that
multi-channel communications may not he 1nheren:1y‘more effective

thar single channel presentations.

Further information on effectiveness of inscructional radio may be found
in a large bibliography cbmpiled by Madden (1968). An earlier survey

- the effectiveness of radio {nstruction may be found in Woelfel and

Tylar (1945).

4e zention here two specific projects trhat received rather detailed

sulen.  COne was an uarly study of radio lessons in music by the

misconsin Researcn Project in School 3roadcasting (1942). This study
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reports work extendling dver 1 periud of 20 vears. Sazik oy the tlrst courde

in musiz Sroadcast 1 1922 ta Wiscensin. A careful study vas cenductal in

classe: chac did not. The instruaticaal

netzer .=arminy {n mairrtaining corcact rhyiim and in thelr the ity T

recognizs ncte values. rzad an sight. and

faatures there were #o sigatffcant dtfierences hetwean Ime 00805 faulnt
by imstructienal radto amd tne classes taught dv tradiziacal instrucrion,

Yut none of the other measure’ favoced the tradiciona’

lawsey. Thaese

{ncludad neasures of =inginyg qualizy zad abilizv 2o lake v steal
The students who pcarticlsacsc in thege radio clasges Jerta in the uncer
elementary grades and wera fn 2och rural and ardan schocls.

AL quize . fi1fferent
zomnared tenstYay v lncraducIiory asyrhclagy course at Town Jtat: niver-
3lty 99 use of tana vecordairs or by Lice lecturss. Laciluta toF9s Jrre
stepated in bSooklist fore aad zlvea o Ine studeats @to 2lactae Ine tapa
yersion of the iectures. For two icademic quarters they comoarad studenis
rhat tock ~ha ~ourse anislv Srom audilo tapa with srudents wio Tack It Iron

1 live lectures. The live !ecturer was fnw same parson who areparad :Ihe
.audio tapes earliar. A total of 290 students elected to zake tne course
by tape., and 408 chcse the live lectures. Although selection was volun-
tary, the two groups were actually closely nazched in teras of thelr nigh

Y

schocd rank in class and oa measureg of achievement and scholastic

»

aptitude.
tn terms of posccesr scores and flnal grades, the Ivo Zooups did nect
differ signiflicantlvy. ‘When zcmparisons were nade in cerms =i tha lcwast

quartiizs of zhe two zroups accordinyg Lo nigh school cank. jhere vas a

-9
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clear advantage to using tapes for the lowest quartile; for the other three
quartiles there was no significant difference. |

Perhaps at least as interesting was the dropout rate. Only 5 of the
students learning by tape dropped suc whereas 58 .%tending the lecture
sessions did so.

These two specific examples, as well as the detailed discussion
earlier of the Nicaragua Radio Mathematics ProjecZ, indicate the wide
range of topicu :héi-apparen:ly can be successfully raught by radio.

1.3. Planning Applications of Instructional Radio bv Satellite

I summarize 3some of "he zore pertinent recommeaations or conclusions.

1. T.uere is substantial evidence that instructional radio can
22 used to tewch ap erormous range of subiects and students at almost
every age level. There {s uc reason to thiak that delivery Sv satellite
would affect in aay negative way the peesitive ccunelualons from more than
20 years of reseurch and developmen:z on extensive use of {nstructional
radio.

2. There is evidence that instructional radio can be used fnr sup-
plementary work ranging from news reports, broadcasts of s:uden:g'
creative work, and dramatizations of biography ard historical events, to
travelogues, musical programs, talks by prominent scientists and others.
In addicion. direet instruction can be provided in specialized subjects
that are not easily av.. :bl2 for imstruction in terms of an isolated

¥

school’s educatinnal c:=sourr~s. The most extensive axamples of such

direct instru:-' have teet {in music, foreign languages, and art.
.. Ther= = .vide- that essential subjects in the curriculum can
1lz) be rtavghr o .u-tional radio. These range from 2lementarv-school

nathematics 2o major courses at the university level. It should also be Ji()

O
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mentioned tr it in developing countries there has been fairly extensive
literacy ctraining by radio.

4., The main recommendation {s to use instructional radio for those
areas of instruction for which there is a clear need on the dne hand and
for which there exist no adequate loc~1 facilities on the other. It ia
important to recognize in the cagse of isolated schools that this sense of
need should extend to important and attraccive supplemental topics and not
be restricted to thé main parts of the curriculum concerned, for example,
with instruction {n basic skills of reading, mathematics, and language
arts.

5. In the case of instruction by radio fcr au:les, there is evidence
to indicate it is 1mpor:antothat there be regular intermittent two-way
commun .cation, for :xample;‘by.ﬁall. 1f the program being developed has
an adequate budget. the collecticé;gf vegular exercises or other forms of
homework from students would almost certainly be a desirable feature. It
would of course be aost desirable to have this homework collected on
an immedfate basis by two-way int2raction, but, for purposes of econrmy,
this would often not be possible, and therefore a schedule of regular
collection is the most important feature even {f Tthere *: . ‘ov af 3everal
days in returning corrected homework to the student.

6. It should be borne in mind that group learning _.n be as impor~
tant as individual learning. This seems especially true 2f sounger
studeqts ip the élementary school, Radio instruction to groups of
students at this younger age should be considered as an i{important
possibility. TFor this purpose, broadcasts 3hould be directly into the
'school. For work with older students, [t will tn many cases Ye more

attractive and convenient to broadcast into the nomes for individual work

11
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0y the student. However, even in this case some ’.rmal structure of
credit and certification i{s strongly recommended. Extensive surveys of
home~based {nstruction (e.g.., Macken, van den Heuvel, P. Suppes, and

T. Suppes, 1976) indicate that a clear credit and certification structure

is a desirable feature of all hcme-based instruc.ion.

2. COMPUTER-ASSISTED INSTRUCTION

2.1. History of Computcr-assisted Instructiun

The use of computers for instructional purposes, that is, computer-
assisted instructicn, as it has come.to be termed {n the literature, is
the newest and most expensive of current educatiovnal technologies. It is
aiso by far the most highly (nd:vidualized i{n the +{nterastion it provides
between gscudent and curriculum. The first projects {n computer-assisted
instruction vegan in the early 1960s, mostly in university research cen—
ters. It i{s only since about 1970 zhat computers have heen used on an
operational basis for instruccion in 3 number of AmerZican school dis:rié:s.
The percentage of students affected is seill relatively small although the
total number of projects in icself is now, in absolute terms, large.

Since the initial experiments with computer—assisted fnscruction in
the early 1960s, three or four major aspects of this form of iastruction
have become salient and seem to offer great potentiality for education at
all levels, but especially at the elementary level. The first and most
important aspect centers on the well-known fact that there exist definice
and ciearly signiflcant individual differences among atudants, especially
in their rates of learning. Students at all levels work at varying rates
and at different levels of accuracy and understanding. Moreover, perhaps

at least as important is fluctuation withia a glven student cver a seriod

12



O

ERIC

Aruitoxt provided by Eic:

of several years. Students who sre slow in the beginning grades < . -imes
have @ period of rapid catch-up in lster grades. For ressons thst ere not
clesrly understood, students who begin school with an f{nicially high rsce
of leerning will often slow down to something much closer to the aversge
and occasionally to a rate below the average. To sccommodste ~ -am mani-
feat individual differences in learning {s a continuing concern in much of
our educational efforts. In the past, let ue say sny time eerlier than
about 1800, the solution was relati.. . esey because only s emsll pert of
the population was given extended education, and whet vere considsred the
most important future sembers of society, children of the nobility and
aristocracy, were educated primarily by private tutors. FEven in 1870 only
two percent of the sge population graduacred from nigh school in the Uniced
Scates. However, since tae turn of the century, psrticularly wirth the
opening of John Dewey’s laboratory school at the Untversfty of Chicago,
the concern for adspting the surriculum tu the ability or ach{evament
level of each student hae becume a sarious :oncern of At schools, whose
mission ie to educate future c!'i. ns of & broad!y hHased democratic
society. Todsy, essentlally il of »¢ accept that education (s universel,
and a continued increase in the nuuber aof yeara of education of the
average citizen is enticipsted throughout the remeinder of this csntury.
Unfortunetely, the econowice of educetion sre eurn rhet wae zsnnot
afford even in en sffluent soclety to provide tutorisl instructien to
individual ltud;ntl on s broad besis. The uee of computer-besed (netruc-
tionel dcvtc;; offsre a method of meeting the problems of individuel d4if-
ferences et e much deaper lavel and {n e vore sciantific wvay than has yet

13
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Tha second ssperc of indtviduslizetion !e gtcencion to the rasponses
of tndividuel students. There ers s8ny etudiss ‘ndicating che Jesirebi!icy
of reletively tmmedtete retnforcement of enswers once they ere given by
students to esercises, especielly tn the lower gredes. [n en {ndividuel-
ised progrem, it te siwply not posstidle for & teecher to provide thie
iamediete sttention to correccion of efetekes. etc.

[t 1o ueeful in discuestag these metrers of t{ndividueltzecion o yger
o 18080 of the kiad of nunberas ve are teliing about. 71 & lerge xtent,
the wmoet widely ueed operstionel progrees in computer-gdeisced instruction
ars progrems providing drill end prectice in beeic exille ot the elementery-~

ecnool level. 1 heve in mind eepeciaily progrems {n reaiine, methematicae,

Y

and language srte. let us (gaw ‘e itt.l-and-prectice program {n
nntﬂonatié: for 'icadas (-h ge en oxaspla. In & nerlod ranging from six to
ten winutes, depending 7n the ege nf che child, the scudent wil! work
e/mewvhat sore cthen N guxerrises {f "o te tn thias srogrem 1930 jaye of the
schuol year, "e w..l then have cumpleted mors than 4,300 execciaee thet
vare Individua.ly tatilored ro hin leavel of achieyement and {aediete],
eveaiusted for 'nalr arcecrnene ™a contant of an slamencery-vehool
reNtbook la ~arnemastice 18 ebnut equal to these 4,300 axarcivas, thet i,
tettdooks et this lavel contein somewhare hatveen 4.0CO and 3,000 exer-
clses. Constder nuw the sttustion of the Cescher who hes o clase of, lec
ue sey, 23 students. If she were to construet these {ndividual exercises
'
sed sveluste thew far the etudents, thie would mesn more then 104,000
®esereioes for the schnol yeer. In eddftion, she would be faced with e
stletler tash In reeding end lenguege srte, not to apeek of snme of the

ather subjecte {t 1e Ner responetbility tn tesch. It ts lfccle wvonder

Thet in the ordinery classroom eifuation it (e 4 dtffirule marrar {or the

14
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teacher to provide the kind of intensive drill and practice that is a
simple and natural thing within the framework of -omputer-assisted
instruction. Even the teacher who understands well the need for individ-
ualization and has the zeal and drive to oroduce a great many individual
exercises for studen:s will have greac difficulcy providing a product
comparable to that which can be provided in a relatively straighcforward
manner by computer-assisted instruction. This is a third aspect of
computer-assisted {nstruction that needs considerable emphasis. It pro-
vides an opportunity to relieve the teacher of routine and burdensome
tasks, so that the teacher may devote time to giving more individuvalized
attention to students.

A fourth aspect to be mentioned is the record keeping and information
flow about the performance of students that can be brought to teachers,
adminiscrators, 4nd others is a by-product of computer-assiscted {nstruc-
tiou, rhat {4, as a hy-produc! of students dolng thelr work at computecr
terminals.

To give 4 more concrete sense of the kind of courses that have been
developed for computer-—assisted instruction, I survey here work at the
three levels of aducation: elementary school, secondary school, and
college.

Elementery achool. The mosc widely used programs in elementary

schools are those developed by Computer Curriculum Corporation (Palo Alto,
Cn‘it;rnin), with which the author is associsted. Currently, these are
essentially the only programs commercially available for standard use in
ordinacy elementary-schonl wetcings hy achonl districes unconnected with
univers{ty research projects ¢t nehar researn centerw, Thelr three mnst

vidaly used curriculums arw Ln the hanic skille of reading, mathematics,

and lanmuwama arra 1 5
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Secondary school. Some of the most imaginative work in this area has

been exemplified by the activities of Seymour Papert and his collaborators
at che Massachusetts Institute of Technology. They have concentrated

on teaching scudents problem—solving skills and the beginning elements of
computer programming. Their program is in contrast to those mencioned
already because the emphasis i{s not on suppleunentary drill and practice in
the bastc skills. A good account of *heir work is to be found in Papert
and Solomon (1972):‘-Paper: and his colleagues are working with gtudents
roughly in the age ranges 8 to 15, so some of them also fall wichin cthe
elementary-school level.

The activities in computer-assisted instruction are not as vigorous
at che secondary-school as at the elementarv-school level, partly because
there has been a history of concentrated effort in the development of
drill-and-practice programs in basic skills. On the other hand, gsome of
the basic-skill programs originally developed with elementary-school
student® in mind have been used with disadvantaged chden:s needing addi-
tional work in cthe basic skills of mathematics, reading, and language at
the secondary-school level. A variety of projects around the United
Scates reflect this emphasis. .

The more imporctant fact about the use of computers in instruction at

the secondary-school level probably centers on che use of computers for

problem lglving and introduction to data-processing applicacions. A
number of high schools offer courses that provide elementary instruction

in daca proce;sing. Many of them are aimed at training that will lead to
direct aantry into the labor marker by high school gradustes. A substancial

portion of the high schools in toe United States now have some form of

- 16
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data-processing instruction as part of their regular instructional pro-
gram. A smaller, but still significant, number have interactive computing
as part of their program, in many cases 2imed at problem—solving activities
in mathematics, physics, and v‘cmis:ry.' Most of the activities at cthe
secondary-school level have not been built 1ro'nd specific research and
development projects, and consequently the published literature on the
activities 18 considerably less than the volume of activity would lead one

to expect. .

It is anticipated that commercially available courses for secondary-
schaol work in computer-assisted instruction will be available in the
reasonably near future.

College. The situation 1is quite different at the college level.
There jis a large number of courses in nany different institutions, many
of them partial ernurses, buc the number of such {s very large indeed and
it will not : .ss;ible to give anyching lilke a detailed factual survey
in this report. [ shall attempt rather to provide Qome examples. Several
specific institutlons and places will be mentioned only liter because I
will concentrate on a summary of their evaluations. It 183 fair to say that
the main work has focused on courses that require mathematical skills or
language skills. Consequently there has been a great deal of work in the
teaching of elementary mathematics and elementary college-level sclence by
means of computer-assisted instruction. A similar generalization applies
to the teaching ;f foreign languages. To the writer’s knowledge, at least
the following.foreign languages have been taught at least once by means of

computer-assisted {nstruction {n the United States: French, German,

Spanish, Russian, Hausu, Swahili, Mandarin Chinese. Arabic, and Bulgarian.

17



O

ERIC

Aruitoxt provided by Eic:

40

One of the largest recent efforts at the college level has been the
TICCIT project, which has been aimed at compu:er-aséis:ed instrucetion for
community colleges in basic skills of English and mathematics. This
project is just reaching maturity and will be reported on in deg:h in the
licerature in the next few years.

A second large projec:_is the development of the PLATO system at
the University of Illinois. This project has been extensively supported
by the National Sci;néé'Foundacion over the past several years, and exten-
sive course material at the university level and the community-college
level has been d2veloped. Much of the material is supplementary to
regular classroom insctruction. The range of topics and the number of
instructors involved have been very large. No.comprehensive public report
of this multifaceted activity is yet available, although there are reports
on individual projects, some of which are mentioned below.

At Stanford, my own university, we have been engaged in computer-
assisced instruction at the college level for a numb;r of years. A recent
detailed survey of the use of computers for instruction at Stanford is to
be found in Suppes, Smith, and Beard (1975). I show in Table 1 the list of

courses currently offered at Stanford.

Insert Table 1 about here

Some more detailed particular studies are mentioned in the next
section on evaluation.

L
2.1, Evaluation of Computer-assisced Instruction

This sec:ibn on evaluation {8 also divided into three levels of

educacion, used tu Jdemarcare the last section.

18
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Elementary school. Vinsonhaler and Bass (1972) surveyed

over 30 separate experiments that involved a total of about 10,000
students and that compared traditional instruction and traditional
instruction augmentced by CAIL drill and practice. They concluded that
"there appears to be rather strong evidence for the effectiveness of CAl
over traditional instruction where effectiveness 1is measured by stan-
dardized achievement tests."” This is a good summary reference and one of
the most ex:ensive._ A corresponding extensive survey of the curriculums
of the drill-and-practice courses of Computer Curriculum Corporation is to
be found in Macken and Suppes (1976). This covers a very large number of
students and represents data reported from nine different states.
Additional extensive data on drill-and-practice programs at the elemen-
tary level are to he found in Suppes and Motningstar (1969, 1972). Beech,
McClelland, Horowitz, and Forlanc (1970), Jamison. Fletcher., Suppes, and
Atkinson (1971). Smith and Hess (1972), and Fletcher and Actkinson (1972).
Typical evaluation results ootained in such drill-and-practice
programs at the elementary-school level are to be found in the achievement

data shown in Table 2, which are taken from Suppes and Morningstat (1969)

Insert Table 2 about here

for «n experiment in the state of Mississippi in 1967-68, The experimental
group as shown 1? the table is the group receiving computer-assisted
instruction, gnd the control group is the group receiving in each case

only traditfonal instruction. The number of students involved under each
exverimental conditifon {s shown in pareutheses after the mean grade place-

ment. As can be seer from Table 2, significant results were obtafined at
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each of the six grade levels of the elementary school involved in this
evaluation. I refer to these data from McComb, Mississippi, because {it
13 one of the more extensive CAI experiﬁen:s in a rural sectting.

Corresponding data for the use of computer-assisted instruction with
American Indian students in a rural setting is reported in Suppes,
Flectcher, and Zanotel (1975).

In addicion, an extensive body of evaluation on the use of computer-
assisted instruction at the elementary-school level with handicapped
students, especlally deaf students, has been a major focus of research in
the Institute at Stanford for several years. Reports on this work, espe~-
clally on the evaluation of its effectiveness, are to be found in Suppes,
Fletcher, Zancetei, Lorton, and Searle (1973) and Suppes, Fletcher, and
Zanocel (1976).

Secondary school. There are very few published reports

of evaluation of computer-assisted instruction at the secondary-school
level. It may be anticipated that this situ.'ion will change in the near
future.

College. There has been a fairly large number of systematic
evaluations of the use of computer~assisted instruction at the college
level. [ mention here some typical examples.

Hansen, Dick, and Lippert (1968) of Florida State University reporced

results of implementing collegiate computer-assisted instruction in

physics; in particular, problem~solving sessions were handled by computer.
The CAL groups aid as well as groups receiving traditional fnscruction in
problem sessions and in fact slightly better, but there was no difference

at a scaciscically significan. level. ;5 ()
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Adams (1969) and Morrison and Adams (1969) conducted experiments at
the State University of New York, Stony Brook, on the teaching of German.
The CAI students performed §omeuha: better than the control students on
tests of reading and writing achievement, and not quite as well in terms
of performance on listeninsg and speaking tasks.

Extensive experience has been obtained on the PLATO system at the
University of Illinois. Biczer and Boudreaux (1969), for example, used
the PLATO system for a CAL course in nursing. They report substantial
savings of time over what was required in standard lecture presentation.

At the University of Texas a number of experiments and demonstration
projects have been completed over the past ten years. One of the more
significant ones is an effort by Castleberry and Lagowski (1970) la che
teaching of elementary chemistry. At the same institution, Judd,
Bunderson, and Bessent (1970) studied the effects of learnmer control in
a computer—assisted-instruction course in precalculus mathematics.

At Stanford University, Joseph Van Campen developed a full two-year
tutorial course in introductory Russian. An evaluation of the course for
1968-69 is presented in Suppes and 'forningstar (1969). The results were
significantly better for the CAI group than for the group receiving tra-
dicional tnstruction.

Concerning college—level use of computers, the broad summary of
Jamison, Suppes, and Wells (1974) continues to be supported by the avail-
able d;:a. Pirse, no simple uniform conclusions can be drawn about the
relative effectiveness of CAl in comparison with traditional ins:ru;:ion.
vhen effectiveness is measured in terms of student achievement.

Second, the conserva:i;e conclusion is that CAI is ac least as
effective as tradicional insgcruction, {f not more so, when it is used as

21
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Third, there needs to be an investigation of possible cost savings by
the use of computers for instructional purposes as opposed to traditional
}nl:tuc:ion. It is emphasized especially in Suppes (1975) chat in
intermediate-level college courses with small enrollment the extensive use
of computers may lead to substantial cost savings by enabling the course
load of instructors in classes of no more than three or four students to
be considerably increased.

2.3. Planning Applications of Computer-assisted Instruction by Satellite

As in the case of instructionsl radio, I summarize here some of the
more pertinent recommendations or conclusions.

1. There is considerable evidence that computer-assisted instruction
can be used to teach an enormous range of subjects to students at almost
every age level. There 13 no reason to think that delivery by sate!lite
would affect in s pegative way the positive evaluations that have been
made over the past decade of uses of computer-assisted instruction.

2. The kinds of things for which cocmputers have been used effectively
in {astruction complement rather than compete with the subjects in which
instructional radio has been especially successful, Radio has been useful
for supplementary work of an expository and discursive kind, as ﬁen:ioned
in Section 1.3. 1In contrast, by far the most extensive and effective use
of computer—assisted instruction has been in the teaching of basic skills
involving mathematics or language, whether at the elementary-=school or
thae college level. The use of computers to feach subjects like hiscory
and litcrn:ur;'has as yet been far less developed and, in the minds of

many peopla, has still to overcome considerable technical and conceptual
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difficulties to be successful in these areas. In contrast, a very large
amount of work has been done in using computers in the teaching of basic
skills, and there is every reason to think that this work, already
successful in many areas of the curriculum, will continue to expand and
develop.

3. 1In contrast to the main recommendation concer;ing the use of

{nstructional radio for areas of instruction for -gh'sb ihere is.# clear
3 r 9. :

need and no adequagétlocal facilities, the main recoﬁmenéation on
computer-assisted instruction would be to aim it at the development and
maintenance of basic skills, presumably in areas in which there already
erlsts instruction. The purpcse of the use of computers {in these areas
would be to bring these skills to a level of competence closer to
acceptable norms for tne given student at his age and ability level.
Evidence from the usge of computers in rural Mississippl for this purpose
indicates that such programs can be very effective. Similar data from use
{n more recent years with American Indian students in a rural setting in
New Mexico have Been equally positive.

4. In implementing a program aimed at basic skills, whether for
young students or adults, using computer-assisted instruction, there is
evidence from many sources to indicate that distributed practice 1is
desirable. This means that whenever possible the work should take place
on a daily basis and not on an intermittent or irregular basis. The
amount of work én a daily basis need not be large. At the elementary-
school level 1: can, for example, be on the order of ten minutes per
subject per day. In the teaching of language skills at the adult level,
it can range upward to an hour a day. What 1is important is the organiza-

tion of the effort for regular work on a daily basis. 2 3
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5. A wide range of experience has indicated that it is desirable to
have computer terminals clustered in a single room. This is true whether
the work is being conducted at the elementary-school, secondary-school, or
college level. The recam in which terminals are located should be under‘
the supervision of a proctor =r teaching assisctant. On the basis of a
number of years of work (n this area, I have concluded that the organiza~
tional problems of managing single terminals in fndividual classrooms are
too complica:ed and difficule to solve, in comparison with the ease wi:h
which proctor supervision of a single room in which the terminals are
clustered can be organized.

6. Because of the newness »f computers in most educational settings,
it is most desirable that there be held a teachers’ workshop, to be
attended by teachers, teachers’ aides, and interested administrators, at
the beginning of a program of computer-assisted fnscruction. This workshop
should last at least a full day and should direct itself toward the prac-
tical problems that arise in operational use of CAI fn a regular school
setting. It has been my experience that a workshop of this kind can do
a great deal to familiarize teachers with this new instructional technology
and allay some of their fears about what may appear to be a new ;nd
mysterious electronic device. In fact, the programs that have been
developed for computer~assisted instruction have, by and large, aimed at
ease of use by students and teachers. Any new program should have similar
aims for feself.

3. GENERAL CONCLﬁSIONS AND RECOMMENDATIONS

Par:icularvrecommenda:ions about {nstructional radio have been given
in Section 1.3, and particular recommendations about use of computer-— :2 41

agsisted i{nstruction have been given in Section 2.3. I give in this final
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part a summary of broad conclusions and recommendations abour rhe use of
educational technoiogy in the schocis and colleges.

1. There 18 a variety of evidence to indicate tnat.a: whatever level-
of education a new educational techaology is introduced it is desirable
that all pertinent levels of :he'adminia:racive and tzaaching staff be
aware of the introduction of the new technology. be informed as %o the
goals of the project, and be clear about their role in the implementacion
of the project. Egbuciélly in the case of computers, it is desirable that
detailed informatiosn Le given when asked for aboutL the ways in which the
new technology will be L-ed and what its implications are as a method of
inseruction. One of the reasons for recow..:.'ing a teachers’ workshop in
Scemfon 7.3 i{s precisely to meet this neel. . i: also important that the
teu.roe: ¢ ,onsible for the individual students being provided instruc—

ilon by a nmew medium e -1 aware of what exactly is expected ot them.
T+ cae Jase, for example, of instructional radio, this may consist of
doing some additional work. It also may consist of'giving evaluative
tests from time to time. 1In the case of computer-assisted instruction,

it may consist of providing addicional help to students who are having
difficuleies, and making sure that individual students are makiné their
regular schedules at computer terminals.

2, There is a sign on the desk of an applied statistician who is a
good friend of mine that says simply "see me first." The implication of
this in the preéen: context should be clear. In planning for the evalua-
tion of che u;e of a new rechnology, it is most desirable that the evalua-
tion plans be made in advance of the introduction of the technology. It
is too often the case th' . plans for the evaluation of a new aspproach to

5

teaching are made after the new approach has begun. It is {mpor:anr chat,
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wvhere possible, pretest assessments be made of the students who will be a
part of the project and :gat plans for evaluation a: the end of the first
year .~ made early.

3. The rise of satellite communications should -aot seriously affect
the use of instructional radio or computer-assisted instruction, except
for a smali time delay in the éz;-vay interaction at computer zerminals,
vhich 1s not long enough to disturb the students once they have had some
experience,

4. Finally, in introducing a new technology, it is often most
effective to begin with a pilot project and then to expand in a systematic

way in each succeeding year.
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Table 1

University-level Computer-assisted Courses
at Stanford, 1972-75

Number of students

per academic year Avg. number of
student hours at
Course 1972-73  1973-74 1974-75 computer terminal
Philosophy 57 56 160 209 70 for A
Introduction to Logic . 54 for PASS
Philosophy 161 - - 12 51 for A
Set Theory . 31 for PASS
" Slavic Lang. 211 L] 2 1 30
0ld Church Slavonic
Slavic Lang. 3 0 1 35
Bulgariac
Slavic Lang. 212 4 4 4 30
History of Russian
Literary Language
BASIC Inatructional - 100 200 102
Program :
b c
Computer Science 206 - - 79 93
ISP
Music (ear tvaining) .
Muaic 21 - 42 41 d
Music 22 18 19 23
Music 23 5 26 8
Muaic . 103 b) 6 -
Music 27 . - - 3

‘BIP students were limited to 10 hours of time for experimental
reasons. During unlimited pilot runs, students have taken up to 30
houra to complete the course.

Bhuring 1973-74, LISP was taught at Stanford using the IMSSS
nachine, but students logged in as users and there was no special CAI
for LISP.

QLise students spent an average of 69 hours in the LISP interpreter
and 24 hours in the LISP CAI system. ‘

dﬁe'ltuden:s had restricted terminal time. 32
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Table 2

Average Grade-placemeut Scores on the Stanford Achievement Test:
Missiasippi, 1967-68

a Posttest-
Pretest Posttest pretest

. Degrees
Experi- Con- Experi- Con- Experi- Con- of

Grade mental trol mental trol mental trol t freedom
1 1.41 (52)  1.19 (62) 2.55 146 1.14  0.26 3.69% 112
2 1.99 (25) 1.96 (54) 3.37 2.80 1.42 0.84 J23% 77
3 2.82 (22) 2.76 (56) 4.85 4.0 2.03 1.26 J64% 76
4 2.26 (58) 2.45 (77) 3.36 3.17 1.10 0.69 63% 131
b 3.09 (83) 3.71 (134) 4.46 4.60 1.37 0.90 J43% 215
6 4.82 (275) 4.36 (160) 6.54 5.48 1.72 1.13 18% 433

Note. From Suppes and Morningstar (1969).

3values in parentheses are numbers of students.

*p < .0L.
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